old seedlings was considerably higher than in tissues are the primary carriers of natural chlorine and brofrom 4-week-old plants ( Figure 1C ). For the 4-week-old mine, respectively, to the stratosphere [1, 2], where plants, HOL mRNA levels in reproductive tissue (flowers they catalyze the destruction of ozone, whereas and green siliques) were lower than in vegetative tissue.
plants to halide levels that could be found under natural activity of the close homolog (At2g43920) described above. Alternatively, it may be the result of the abiotic conditions.
Wild-type Arabidopsis juvenile plants and adult plants conversion of halides to methyl halides by using the plant component pectin as a methyl donor [13] . Howproduce and emit all three methyl halides with fluxes that are influenced by the concentrations of halides in ever, the results demonstrate that such an abiotic mechanism, if present, would be minor compared to the enzythe substrate (Figure 2A tissues of all members of Brassicaceae. Upon tissue damage, glucosinolates hydrolyze in the presence of However, the small emissions observed by the mutant plants provide some evidence for an alternative, almyrosinases to produce reactive thiols that act as deterrents to herbivory [17] . TMT methylates the products of though minor, means of producing methyl halides. One possibility is that this contribution is due to redundant glucosinolate degradation, creating volatile sulfur deriv- atives such as methylthiocyanate (CH 3 SCN), methylisothe enzyme preferentially methylated thiocyanate over the halides, and this finding is consistent with results thiocyanate (CH 3 NCS), and methanethiol (CH 3 SH), compounds that may act as allelochemicals or plant-insect from B. oleracea [18] . In contrast, the unamended jars of wild-type juvenile plants showed stable rates of methyl signals [16, 18] . The most preferred substrate for TMT is thiocyanate (SCN Ϫ ), based on its low K m value and its halide emissions over the course of the week. Methyl halide emissions from the hol-1 mutant juvenile ability to inhibit the methylation of iodide [18] .
To test the activity of HOL to potential methyl group plants were initially less than 5% of those from wildtype (Figure 3) . CH 3 Br emissions clearly increased folacceptors, we conducted a competitive inhibition study by adding Br Ϫ and thiocyanate (SCN Ϫ ) to groups of lowing the addition of NaBr. This marked increase is similar to the wild-type experiment, although the hol-1 plants and monitoring the resultant change in methyl halide emissions (Figure 3) . Two jars of juvenile wildemission rates were still significantly lower than the wildtype emission rates. However, the addition of NaSCN type (Col0) plants and two jars of juvenile hol-1 mutant plants were grown in agar. Over the course of 5 days, did not dramatically diminish the emission rates of the methyl halides, suggesting that it was not an effective substrates were added consecutively to the agar of one set, while the agar of the other set was unamended.
inhibitor in the mutant plants.
The identification of the HOL gene and its integration Addition of 100 mol NaBr to a set of wild-type juvenile plants caused more than a thousand-fold increase in into a phylogenetic map by using its encoded amino acid sequence can provide insight into the taxonomic CH 3 Br emissions on the following day, but only a 20%-25% decrease in CH 3 Cl and CH 3 I. The subsequent addidiversity of methyl halide production by terrestrial plants. By searching the TIGR database (http://www. tion of 100 mol NaSCN caused a Ͼ95% decrease in all methyl halide emissions. This decrease suggests that tigr.org), we identified a total of eight homologs of the Based on homology to HOL, we have also identified a putative ortholog in Oryza sativa (rice), a monocotyledonous plant, which emits CH 3 Br and CH 3 Cl and copious amounts of CH 3 I [20] . In addition, homologs have been discovered in corn (Zea mays) and barley (Hordeum vulgare). The presence of HOL-like genes in both dicots and monocots suggests that this particular methyltransferase gene is widespread, if not ubiquitous, among vascular plants.
The expression of the gene and the physiological role of the encoded protein may vary widely among taxonomic lines, but available evidence suggests that additional sources of methyl halides will be discovered by following taxonomic branches of known producers. Currently, the largest emissions of CH 3 Br and CH 3 Cl were observed in plants from the families Brassicaceae, Bataceae, Frankeniaceae, and Dipterocarpaceae [12, 21, 22] , and all of these families belong to the same subclass, Dilleniidae. Cotton (Gossypium hirsutum), a member of the Malvaceae family, is also part of the same subclass, and the open reading frame sequence of a HOL-like SAM:halide methyltransferase gene from cotton was identified (GenBank Number AI731595). Cotton is a salttolerant crop that has been planted widely in saline soils verged into monocots and dicots (Figure 4 ). The phylogenetic tree shows that the gene most simi-
